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Coleus tuberosus (Blume) Benth. is classified as a local vegetable of the family Lamiaceae, subfamily 
Nepetoideae and tribe Ocimeae. Ethanolic extract the flesh of C. tuberosus and ethanolic extract of the 
peel of C. tuberosus evaluated antioxidant properties based on 1,1-Diphenyl-2-picryl hydrazyl radical 
assay, antiproliferative based on 3-(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium bromide assay and 
morphological change apoptosis based on staining with acridine orange and ethidium bromide using 
human breast cancer Michigan Cancer Foundation 7 (MCF 7) cells. Results showed that antioxidant and 
antiproliferative activity of ethanolic extract of the peel of C. tuberosus was higher than ethanolic 
extract of the flesh of C. tuberosus. Based on morphological changes with acridine orange and 
ethidium bromide staining, ethanolic extract of the flesh of C. tuberosus, ethanolic extract of the peel of 
C. tuberosus, ursolic acid and oleanolic acid have antiproliferative activity through induced apoptosis 
in MCF-7 cells. The antioxidant and antiproliferative activities were in a dose-dependent manner. The 
antioxidant activities and antiproliferative activity of ethanolic extract of the the flesh of C. tuberosus 
and ethanolic extract of the peel of C. tuberosus related with oleanolic acid and ursolic acid content. 
These result indicated that ethanolic extract of the flesh of C. tuberosus and ethanolic extract of the 
peel of C. tuberosus might be used as a potential source of natural antioxidants and antiproliferative 
agents. 
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INTRODUCTION 
 
Free radicals can lead to a variety of physiological and 
biochemical lesions and induce degenerative diseases 
such as coronary artery disease, aging, alzheimer, and 
cancer (Lin et al., 2010). Natural source of food that are 
believed to have a high antioxidant and antiproliferative 
activity on tumor cells have become an important element 
of cancer prevention and treatment strategies. Three 
decades of research have revealed that cancer 
prevention is easier than to treat. Consumption of  certain 
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fruits and vegetables may reduce the risk of cancer 
(Aggarwal et al., 2004). 

Approximately more than 60% of currently used anticancer 
chemotherapeutics are derived from natural sources, 
including plants. The major categories of plant-derived 
compounds that have medicinal properties are 
terpenoids, flavonoids, and alkaloids (Wicaksono et al., 
2009). These natural inhibitors of carcinogenesis are ap-
parently non toxic as markedly less toxic and other many 
drugs. While it is generally accepted that a diet of large 
amount of vegetables, fruits, and other plant products 
lowers cancer incident, there is still a need to identify the 
most effective constituents of the diet, as well as to 
elucidate their mechanisms of action (Nanasombat et al., 
2009).  



 
 
 
 

Approximately one-third of the women with breast 
cancer developed metastases and ultimately died of the 
disease. MCF-7 cell has become a prominent model 
system for the study of breast cancer as it relates to the 
susceptibility of the cells to apoptosis. Further, it has 
become increasingly important in the prevention or 
treatment of a number of major solid tumors, particularly 
metastatic and drug-resistant breast cancer (Spencer et 
al., 1999). Data based on Hospital Information System in 
Indonesia 2007, the incidence of breast cancer 8227 
cases or 16.85% and cervical cancer 5786 cases or 
11.78%. This showed breast cancer cases is still domina-
ting in Indonesia. Therefore early detection and search 
for potential antitumor compounds are important in the 
control of breast cancer (Mukherjee et al., 2005). 

C. tuberosus is a vegetable, member of the family 
Lamiceae. One of the characteristics of bioactive 
compounds in plants belonging to the family Lamiaceae 
mainly in members of the subfamily Nepetoideae is the 
presence of triterpenic acid derivates (Janicsak et al., 
2006). There is growing interest in the elucidation of the 
biological and pharmacological roles of plant-derived 
triterpenic acid compounds such as ursolic acid, oleanolic 
acid, maslinic acid, in terms of antioxidant, hepato-
protective, analgesic, antitumor, anti inflammatory, and 
immunmodulatory effect (Yoon et al., 2008; Feng et al., 
2008; Fai et al., 2009).  

Investigations of C. tuberosus extracts, in mediating 
cancer cells and antioxidant activity are very limited. C. 
tuberosus shows strong in vitro anti-tumor promoting 
activity when assayed using Raji Cells (Mooi et al., 1999; 
Hsum et al., 2008). The active anti-tumor promoting 
compounds are identified as maslinic acid, stigmasterol, 
β-sitoterol and campesterol attributed to their ability as 
inhibition of the expression of EBV early-antigen in Raji 
cells (Mooi et al., 2010). The active compounds identified 
in peel and flesh C. tuberosus were ursolic acid and 
oleanolic acid (Nugraheni et al., 2010). Ursolic acid and 
oleanolic acid may occur as aglycones of saponins and 
as free acids. Both OA and UA have many important 
pharmacological effects, which are rather similar because 
of the closeness of their chemical structures (Janicsak et 
al., 2006). Several studies have shown that ursolic acid 
and oleanolic acid has the ability as free radicals 
scavenger (Ozgen et al., 2011; Donfack et al., 2010). 

Research on antioxidant, antiproliferative and apoptosis 
effect of different parts of C. tuberosus mainly in flesh 
and peel in human breast cancer has not been done. The 
objective of this work was to investigate antioxidant, 
antiproliferative and apoptosis effect of ethanolic extract 
of the flesh and peel of C. tuberosus ursolic acid and 
oleanolic acid on MCF-7 cell lines.  
 
 
MATERIALS AND METHODS 
 
Material  
 

Ursolic acid originated Santa  Cruz  Biotech  Inc.  (Santa  Cruz,  CA 
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USA), DPPH, 1,1-diphenyl-2-picryl hydrazyl radical, 3-(4,5-
dimethylthiazol-2)-2,5-diphenyltetrazolium bromida (MTT), 
Dulbecco’s Modified Eagle Medium (DMEM), oleanolic acid, 
ethidium bromide, acridine orange, ethanol and acetic acid were of 
HPLC grade. All other reagents and solvents were of analytical 
reagent grade from Sigma-Aldrich (Sigma Aldrich USA), Fetal 
Bovine Serum (FBS) from Gibco (Invitrogen Inc. CA USA). MCF-7 
were obtained from ATCC (LGC Standards, Middlesex UK).  

 
 
Preparation of C. tuberosus extracts 

 
C. tuberosus was obtained from farmer in Bantul District, 
Yogyakarta Special Region, Indonesia at commercial maturity of 3 
month. Cultivation conditions such as low temperatures of 15 to 
20

o
C, enough sunlight, humidity of 80 to 90%, rainfall of 2500 - 

3300 mm per year and grow well in soil acidity (pH) of 4.9 to 5.7). 
The peel and flesh of C. tuberosus were cut into small pieces and 
dried with cabinet dryer at 40

o
C for 24 h, then blended into 

powders. Preparation of crude extract refers to Mooi et al. (1999) 
(17), sample was macerated with ethanol (1 kg of peel or flesh 
powder of C. tuberosus: 5 L ethanol) at room temperature for a 
week. The crude extract were then filtered through Whatman No.1 
filter paper (United Kingdom), dried with waterbath and evaporated 
in vacuum rotary evaporator at 45

o
C. The yield extract is 20% ( 1 kg 

dried flesh of C. tuberosus yielded 220 g dried extract and 1 kg 
dried peel C. tuberosus yielded 200 g dried extract). The extract 
was stored at -20

o
C for further analysis. Stock solution for EEFC 

and EEPC was prepared from 10 mg and dissolved in 200 µl 
DMSO, OA and UA prepared from 5 mg was dissolved in 100 µl 
DMSO.  

 
 
Determination of triterpenic acid by high performance liquid 
chromatography (HPLC) analysis 

 
Identification of triterpenic acid in C. tuberosus (Du and Chen, 
2009) 
 
HPLC analysis was performed on HPLC apparatus equipped with 
Eurospher 100-5 photodiode array detector (Shimadzu Corporation, 
Kyoto Japan). Separation was carried out at 30

o
C on Eurosphere 

100-5 C-18 column (5 micron, 250 × 4, 6 mm). The mobile phase 
consisted of a mixture, MeOH : 0.15% CH3COOH (90:10), 
monitored by wavelenght 210 nm, and the flow rate was 1 ml/min. 
Extract dissolve in 1 ml methanol, then filtered with millex filter 0.45 

µM and injected into HPLC. The samples and the standards were 
injected at a volume of 20 µl each. UA and OA were identified by 
comparison of their retention time (tR) values and UV-visible spectra 
with those of known standards and were quantified by peak areas 
from the chromatogram. Determination of UA, OA content in EEFC 
and EEPC based on standard curve of UA and OA (Table 1). 
 
 
DPPH scavenging assay 
 

The extracts and bioactive compounds were measured in terms of 
hydrogen donating or radical scavenging ability using the stable 
radical DPPH following the method described by Singh et al. 
(2009). To 2 ml of DPPH (0.1 mM in methanolic solution), added 
300 µl of EEFC, EEPC (1, 2 and 4 × 10

-1
 mg/ml), OA and UA (1, 2 

and 4 × 10
-2

 mg/ml). The color change of the reaction mixture was 
then read at 517 nm against the blank, which did not contain the 
extract/bioactive compounds. The L-ascorbic acid, BHT were used 
as the positive control. Sample without treatment was used as 
negative control. The percent DPPH decolourization of the sample 
was calculated as: 
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Table 1. Triterpenic acid content in EEFC and EEPC. 
 

Sample UA (10
-3
 mg/g sample) OA (10

-3
 mg/g sample) 

EEFC 3.41 ± 0.04
b
 3.71 ± 0.06

b
 

EEPC 13.78 ± 0.15
a
 19.75 ± 0.30

a
 

 

Values were expressed as mean ± standard deviation (n = 3). Means with different letters in the same column were significantly 
different at level of p < 0.05. 

 
 
 

% Inhibition =  x 100 

 
Where B0 is the absorbance of the control reaction and B1 is the 
absobance in the presence of EEFC, EEPC, UA, OA, L-ascorbic 
acid and BHT. 

 
 
Antiproliferation assay 
 
Cell culture 
 
Human breast cancer MCF-7 cells were obtained from ATCC. Cells 
were cultured in the DMEM, supplemented with 10% heat-
inactivated Fetal Bovine Serum and penicillin (100 units/ml-
streptomycin (100 µg/ml), using 75 cm

2
 flasks in a 37

o
C in 

humidified 5% CO2 incubator. 

 
 
Cell viability assay 
 
An MTT assay was performed according to the method of Hogan et 
al. (2010), with slight modification in density cancer cells. MCF-7 
cells were plated into 96-well microtiter plates at a density 1.5 × 
10

4
/well in a final volume of 100 µl culture medium per well. The 

cells were treated with EEFC and EEPC (7, 8, 9, and 1 × 10
-1

 
mg/ml), UA (5, 10, 15 and 20 × 10

-3
 mg/ml), OA (4,5, 6 and 7 × 10

-2
 

mg/ml) and maintained at 37°C with CO2 for 24, 48 and 72 h. 
Sampel without treatment was used as negative control. After the 
incubation period, 10 µl of MTT labeling reagent (5 mg/mL) was 
added to each well. The microtitter plate was then incubated agains 
for 4 h at 37°C with 5% CO2. Then, 100 µl of the solubilisation 
solution was added into each well. The plate was allowed to stand 
overnight in the incubator at 37

o
C and 5% CO2. The cell viability 

was measured using ELISA reader at 550 nm. The relative cell 
viability (presented as percent) relative to control (negative control) 
wells containing cell culture medium without samples was 
calculated using:  

 
A550nm(sample)/A550nm (control) × 100  
 
The concentration of extract causing 50% percent cell death known 
as the inhibition concentration (IC50) was determined by a graph of 
percentage of cell death versus log concentration  of  samples.  The 
experiment was carried out in three replicates.  

 
 
Acridine orange / ethidium bromide staining methods 
 
MCF-7 Cells were cultured on cover slips at 1 × 10

5
 cells/well onto 

12 wells plate until 50 % confluent. The medium was replaced with 
fresh medium containing sample with concentration EEFC, EEPC 
(0.9 mg/ml), ursolic acid (7 × 10

-3
 mg/ml), oleanolic acid (7x10

-2
 

mg/ml), and negative control (without treatment). Cells then were in-
cubated for 24 h in humidified atmosphere at 37°C in CO2  5%.  The 

medium was removed and added by Working Solution, ethidium 
bromide/acridin orange (a mixture of acridine orange and ethidium 
bromide 1:1, 4 mg/ml) for 5 min. Cover slip, containing cells was 
removed and covered on the object glass. Then assessment can be 
carried out under fluorescence microscope (Meiyanto et al., 2007). 
Acridine Orange/Ethidium Bromide Staining uses combination of 
two dyes to visualize cells with aberrant chromatin organization. 
Acridine Orange was used to visualize the number of cells which 
has undergone apoptosis, but it cannot distinguish viable from non-
viable cells. To achieve this, a mixture of Acridine Orange and 
Ethidium Bromide was used. The differential uptake of these two 
dyes allows the identification of viable and non-viable cells.  

 
 
Statistical analysis 

 
The results are presented as the average and standard deviation of 
three experiments. One-way ANOVA was used to analyze the 
mean differences between sample followed by Duncan’s multiple 
comparison test were used. A significant difference was considered 
to be p<0.05. SPSS Version 16.0 was used. 
 
 
RESULTS AND DISCUSSION 
 
Determination UA and OA 
 
UA and OA are ubiquitous triterpenoids in plant kingdom, 
medicinal herbs and are integral part of the human diets. 
In the present study, the quantitative determination of UA 
and OA in ethanolic extracts from C. tuberosus was 
performed by HPLC. Using a standard curve of UA and 
OA, the amount of UA and OA in EEPC were calculated 
to be 13.78 ± 0.15, 19.75 ± 0.30, for UA and OA, 
respectively. EEFC: 3.41 ± 0.04, 3.71 ± 0.06 µg/g 
sample, for UA and OA, respectively (Table 1).  

 
 
DPPH radical scavenging 
 
The free radical scavenging activity of EEFC, EEPC, UA, 
OA, L-ascorbic acid, BHT was assessed by DPPH assay, 
as shown in Figure 1. EEFC, EEPC, ursolic acid and 
oleanolic acid demonstrated ability to inhibit the DPPH 
radical. Percentage of radical scavenging activity at the 
highest concentration, EEFC (0.4 mg/ml) : 12.17 ± 0.10, 
EEPC (0.4 mg/ml) : 60.22 ± 0.19, ursolic acid (4 × 10

-2
 

mg/ml) : 22.46 ± 0.33, oleanolic acid (4 × 10
-2

 mg/ml) : 
19.44 ± 0.35, positive control BHT (4 × 10

-2
 mg/ml) : 36.5 

± 0.35 and  AA  (4 × 10
-2

 mg/ml) : 91.44 ±  .53.   Inhibitory
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Figure 1. DPPH radical scavenging activity of EEFC, EEPC, ursolic acid, oleanolic acid compared with commercial 
antioxidant (BHT and AA). Data presented from three independent experiments. Different letters are significantly 
different (P<0.05) in the same sample.  

 
 
 
activity of EEFC, EEPC, UA and OA lower than positive 
control BHT and L-ascorbic acid.  
 
 
Effect of EEPCT, EEFCT, UA and OA on proliferation 
human breast cancer MCF-7 cells 
 
Figures 2A and B, shows the effects of EEPC and EEFC 
on proliferation of human breast cancer MCF-7 cells. The 
antiproliferative activity of EEPCT and EEFCT on MCF-7 
cells were characterized by conducting MTT assay. Cells 
were treated with 0.7; 0.8; 0.9 and 1 mg/ml of extracts 
and incubated for 24, 48 and 72 h. These results indi-
cated EEFC at highest concentration: 1 mg/ml at 24, 48 
and 72 h, MCF-7 cells viability were 60.321, 44.264 and 
41.457, respectively. Treatment with EEPC at highest 
concentration: 1 mg/ml at 24, 48 and 72 h, viability of 
MCF-7 cells were 52.184, 30.316 and 29.742%, 
respectively. 

It was also shown that at all treatments, the percentage 
of growth inhibition activity increased gradually with ad-
vancement of time. The antiproliferative activity of EEPC 
and EEFC were expressed as the inhibitory of concentration 
(IC50). Since the lower the IC50 value indicated the higher 
antiproliferative effect of the sample. IC50 growth 
inhibition after incubation 24, 48, and 72 h of EEFC 
1512.97 ± 50.8, 965. 31 ± 3.39, 829.86 ± 5.73 (10-3 mg/ml), 

respectively. EEPC: 1124.11 ± 35.19, 812.22 ± 5.72, 
698.23 ± 1.61 (10

-3
 mg/ml), respectively (Table 1). This 

study showed that EEPC had higher antiproliferative 
effect than EEFC at all concentrations which corresponds 
with its lower IC50. 

Figure 3 shows the effects of treatment with UA (5.10
-3

, 
1.10

-2
, 15.10

-3
 and 2.10

-2
 mg/ml) and OA (4.10

-2
, 5.10

-2
, 

6.10
-2

 and 7.10
-2

 mg/ml) and incubated for 24, 48 and 72 
h on proliferation of human breast cancer MCF-7 cells. 
These results indicated that UA at highest concentration : 
2.10

-2
 mg/ml at 24, 48 and 72 h, MCF-7 cells viability 

were 15.375; 12.756 and 11.543%, respectively. Treat-
ment with oleanolic acid at highest concentration: 7.10

-2
 

mg/ml at 24, 48 and 72 h, viability of MCF-7 cells were 
59.379; 42.458 and 39.828%, respectively. Thus the 
detailed analysis of the results clearly indicated that 
EEPC, EEFC, UA, and OA caused significant growth inhi-
bition in vitro of MCF-7 cells in dose and time-dependent 
manner. This means that increasing the concentration 
used and the longer time of incubation with compounds, 
have an impact on increasing the ability of inhibition of 
proliferation. This is indicated by the declining number of 
living cells with increasing concentrations and incubation 
time of MCF-7 cells. 

The antiproliferative activity of oleanolic acid, and 
ursolic acid expressed as the inhibitory of concentration 
(IC50). The sensitivity of MCF-7 breast cancer cells to UA, 
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A 

 
B  

 
Figure 2. Effect of EEFCT, and EEPCT on the proliferation of MCF-7 cells. EEFC inhibited the 
proliferation of MCF-7 cells in dose-and time-dependent manners, 

a-k
 different letters are significantly 

different (P<0.05) (a) and EEPC inhibited the proliferation of MCF-7 cells in dose-and time-
dependent manners, 

a-h
 different letters are significantly different (P<0.05). (b). Data are presented 

as mean±SD from three independent experiments.  

 
 
 
and OA is characterized by IC50 value. The lower the IC50 

value indicated the higher antiproliferative effect of the 
sample. IC50 growth inhibition after incubation 24, 48, and 
72 h for UA: 9.02 ± 0.12, 3.81 ± 0.18, 0.64 ± 0.03 (10

-3
 

mg/ml), respectively. OA: 136.27 ± 7.19, 48.61 ± 0.90, 
39.66 ±0.55 (10

-3
 mg/ml), respectively (Table 2). These 

results indicate that elevated antiproliferative effects 
strengthened with time of exposure. 

Staining acridine orange-ethidium bromida on MCF-7 
cells treated with EEFC, EEPC, UA and OA  
 
The phenotypic characteristics of cells treated with 
EEFC, EEPC, UA and OA were evaluated by microscopic 
inspection of overall morphology. Treatment of EEFC, 
EEPC, UA and OA showed a significant evidence of cell 
death  even  after  24  h.  The  ability  of  all  treatment  to 
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Table 2. IC50 of treatment with ursolic acid, oleanolic acid, EEFC, and EEPC of MCF-7 cells after incubation for 24, 48 and 72 h. 
 

Compound 
IC 50 ( 10

-3
 mg/ml) 

24 h 48 h 72 h 

Ursolic acid 9.02 ± 0.122
a
 3.81 ± 0.184

a
 0.64 ± 0.03

a
 

Oleanolic acid 136.27 ± 7.19
b
 48.61 ± 0.9

b
 39.66 ±0.55

c
 

EEFC 1512.97 ±50.80
c
 965.31 ± 3.39

c
 829.86 ± 5.73

e
 

EEPC 1124.11 ± 35.19
d
 812.22 ± 5.72

d
 698.23 ± 1.61

d
 

 

Values were expressed as mean ± standard deviation (n = 3). Means with different letters in the same column were significantly different 
at level of p < 0.05. 

 
 
 
induce apoptosis was initially screened by using acridine 
orange/ ethidium bromide staining. The treated cells 
showed obvious nuclear condensation after 24 h treat-
ment. Control cells showed bright green nucleus (Figure 
4a) with uniform intensity and had not taken up ethidium 
bromide, where the apoptotic cells appeared orange in 
color (Figures 4b, c, d and e).  
 
 
DISCUSSION 
 
Many Researches on family Lamiaceae showed that 
plants of Lamiaceae family contain triterpenic acid 
derivatives such as UA and OA (Zou et al., 2008). 
Triterpene derivatives have diverse biological/ pharma-
cological effects as they show beneficial properties at 
several points of tumor genesis and promoting apoptosis 
of formed invasive cells (Feng et al., 2009). 

DPPH assay was carried out to measure the ability to 
remove or scavenge free radicals is classified as primary 
antioxidant. The higher antioxidant activity of peel than 
flesh from C. tuberosus was related with the higher 
content of bioactive compound such as UA and OA in the 
peel than the flesh (Table 1) and another bioactive 
compounds in C. tuberosus such as maslinic acid and 
phytosterol (stigmasterol, beta-sitosterol and 
campesterol) (Mooi et al., 2010). 

The higher antioxidant activity of EEPC than EEFC 
agrees with related research that investigated and com-
pared the antioxidant activity in peel and flesh of fruits 
and vegetables. Extract of peel of red pitaya, apple and 
mango have greater antioxidant activity than flesh one 
and its associated with bioactive compounds content (Wu 
et al., 2006; Kim et al., 2010). 

The result showed that UA, OA, EEFC and EEPC have 
ability as an antioxidant in vitro assay. This research 
undertaken using in vitro chemical that has limitation in 
describing the whole mechanism and antioxidant 
potential in biological systems. However, some research 
suggests that bioactive compounds found in C. tuberosus 
when evaluated using biological systems showed activity 
as a cellular antioxidant. Gayatri et al. (2010) reported 
that UA can act as radical scavenger  in  rat  liver  cancer 

induced by Diethylnitrosamin. Capability is done by 
restoring antioxidant enzyme activity (SOD, CAT, and 
GPX). OA has the ability as a radical scavenger by 
stimulating the cellular antioxidant defense in QZG cells 
induced by tert-Butyl hidroperoxida (t-BHP) to increase 
the production of glutathione (GSH) (Wang et al., 2010). 
Maslinic acid as one of the bioactive compounds in C. 
tuberosus also have the ability to modulate the activity of 
cellular antioxidant both enzymatic and non enzymatic 
(Ramos et al., 2010). Phytosterol as bioactive compound 
in C. tuberosus has the ability as an antioxidant by modu-
lating antioxidant enzyme in RAW 264.7 macrophages by 
increasing SOD and GPX (Vivancos and Moreno, 2005). 

The micro-culture tetrazolium salt (MTT) assay was 
used in this study to measure the amount of cell viability. 
The potential antiproliferative effect of EEFC, EEPC, UA, 
and OA was investigated, determining their effects on the 
viability of a human breast cancer cell line, MCF-7. The 
results indicated that EEFC, EEPC, UA and OA caused 
significant growth inhibition of MCF-7 cells in dose and 
time-dependent manner. EEPC showed higher 
antiproliferative activities than EEFC toward MCF 7 cells 
in a dose- and time- dependent manner. The sensitivity of 
MCF-7 breast cancer cells to EEFC, EEPC, UA, and OA 
is characterized by IC50 value (Table 2). These results 
indicate that elevated antiproliferative effects 
strengthened with time of exposure. 

The higher antiproliferative effect of EEPC compare 
EEFC was related with the higher of UA and OA content 
in the peel than the flesh (Table 2). Antiproliferative 
activity of EEFC and EEPC is also supported by the 
presence of other bioactive compounds found in C. 
tuberosus, such as maslinic acid and phytosterol such as 
stigmasterol, β-sitosterol and campesterol (Mooi et al., 
2010). Some studies indicate that the bioactive 
compounds contained in C. tuberosus such as UA,OA, 
and maslinic acid (Li et al., 2010; Reyes-zurita et al., 
2009) and phytosterol were stigmasterol, β-sitosterol and 
campesterol (Jayaprakasha et al., 2007) have an ability 
as antiproliferative in cancer cells. 

Previous studies showed that UA had strong inhibitory 
the proliferation and induce apoptosis in a number of 
cancer cells lines, but OA, which the isomer  of  UA  have  
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A 

 

B  
 
Figure 3. Effect of UA and OA on the proliferation of MCF-7 cells. UA inhibited the proliferation of 
MCF-7 cells in dose-and time-dependent manners, 

a-h
 different letters are significantly different 

(P<0.05) (A), OA inhibited the proliferation of MCF-7 cells in dose-and time-dependent manners 
a-j

 
different letters are significantly different (P<0.05) (B). P<0.05 compared to control. Data are presented 
as mean±SD from three independent experiments. 

 
 
 
lower antiproliferative effect. Shyu et al. (2010) indicated 
that OA and UA could inhibit the growth of HuH7 human 
hepatocellular carcinoma cells with IC50 100 and 75 µM, 
respectively. UA and OA had antiproliferative effect on 
Jurkat cell line (T cell lymphoma) were suggest that UA is  
most effective than OA with IC 50 value:  75  and  150  µM 

most effective than OA with IC 50 value: 75 and 150 µM. 
Presence of different substituents at different position of 
molecule alters the antiproliferative effect. Since both the 
compounds are region-isomers, the difference in their 
potency may be attributed to their structural arrangement 
of the substituents. It is methyl group at positions  19  and  
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A. No treatment 

  

EEFC 0.9 mg/ml EEPC 0.9 mg/ml 

 

UA 7 x 10
-3

 mg/ml OA 7 x 10
-2

 mg/ml 

A 

B C 

D E 

 
 
Figure 4. Cellular and nuclear morphological changes of MCF-7 cells following exposure to various 
concentrations of EEFC, EEPC, UA and OA for 24 h. Cells were distinguished according to the 
fluorescence emission and the morphological aspect of chromatin condensation in the stained 
nuclei. (1) Viable cells have uniform bright green nuclei with organized structure. (2) Early apoptotic 
cells have green nuclei, but perinuclear chromatin condensation is visible as bright green patches 
or fragments.(3) Late apoptotic cells have orange to red nuclei with condensed or fragmented 
chromatin White arrows indicate apoptotic.  

 
 
 
20, which makes a difference in potencies of these 
compounds (Senthil et al., 2007; Liu et al., 1995).  

UA and OA may act as a radical scavenger. It shows 
that UA and OA may act as antioxidants. The ability of 
UA and OA as antiproliferation related to the ability of  UA 

and OA as an antioxidant in reducing oxidative stress in 
cancer cells. Reducing of oxidative stress by the UA and 
OA possible mediated through the inhibition of DNA-
binding activity of NF-kB. Decreased on the expression of 
NF-kB   causes  the  inhibition  proliferation  and  induced  
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apoptosis on cancer cells. OA and UA inhibit proliferation 
and induce apoptosis in HuH7 cells through decrease 
NF-kB, induced a dramatic loss of the mitochondria 
membrane potential and interfered with the ratio of 
expression levels of pro- and antiapoptotic Bcl-2 family 
members in HuH7 cells (Shyu et al., 2010). Shisodia et 
al. (2005) reported decreased of expression of NF-kB 
caused inhibited proliferation lymphoma cells. Li et al. 
(2010) reported maslinic acid can inhibit proliferation and 
invasion of pancreatic cancer cells in dose dependent 
manner and through the inhibition of NF-KB. Maslinic 
acid also inhibit the expression of genes associated with 
cancer cell proliferation is cyclin D1, COX-2, Bcl-2 and 
Bcl-xl. Phytosterol which one of the bioactive compounds 
in Coleus tuberosus have antiproliferative activities in 
cancer cells. Treatment with phytosterol can inhibit proli-
feration, reduce cell cycle, induce apoptosis. Award et al. 
(2000) reported that treatment with β-sitosterol, especially 
at concentrations 16 µmol/ml can stimulate apoptosis six 
times higher than the control in breast cancer cells MDA-
MB 231 and LNCap 4. Jayaprakasha et al. (2007) 
reported that treatment with β-sitosterol from the fruit of 
Poncirus trifoliate at concentration 0.63 µM for 48 h may 
inhibit proliferation and induced apoptosis in colon cancer 
HT-29. Mechanism of UA, OA, EEFC, EEPC, maslinic 
acid and phytosterol inhibits cancer cell proliferation and 
induced apoptosis possible through decreased the 
expression of NF-kB and its gene expression influenced 
by NF-kB, such as COX-2, Bcl-2, Bcl-xl. 

Staining of apoptotic cells with fluorescent dyes such 
as Acridine orange (AO) and ethidium bromide (EB) is 
considered the correct method for evaluating the 
changed nuclear morphology as demonstrated in Figure 
4. AO/EB are double staining cell morphological analysis 
AO is taken up by both viable and dead cells. It would 
fluoresce green when bound to double stranded DNA in 
living cells and fluoresce red when bound to single 
stranded DNA which dominates in dead cells. EB was 
excluded from living cells. Viable cells with intact DNA 
and nucleus give a round and green nuclei. Early 
apoptotic cells will have fragmented DNA which gives 
several green colored nuclei. Late apoptotic cells, DNA 
would be fragmented and stained orange and red (Ho et 
al., 2009). 

Mechanism of UA and OA inhibit proliferation dose 
dependent manner by increasing DNA fragmentation in 
Huh7, HepG2 and Hep3B cell lines (Yan et al., 2010). UA 
and OA increasing activation of AIF (apoptosis inducing 
factor) that caused chromatin condensation and DNA 
fragmentation. DNA fragmentation in MCF-7 cells treated 
with UA, OA, EEFC and EEPC possible through the AIF, 
because cancer cells MCF-7 from ATCC do not express 
caspase-3 as an executor of apoptosis that causes DNA 
fragmentation (Janicke, 2009). It can be seen on the 
results of staining with AO and EB, which indicates the 
occurrence     of    apoptosis    (Figure    4),    which    the 
characteristics of apoptosis were chromatin condensation  

 
 
 
 
and fragmentation of DNA.), UA increased the expression 
of apoptosis inducing factor (AIF) in RC-58T/h/SA#4 cells 
and R-HepG2 cells (Kwon et al., 2010; Yang et al., 2010). 

Analysis of apoptosis can also be performed using flow 
cytometry. Several studies have shown that treatment 
with UA, and OA, on cancer cells can cause apoptosis 
and characterized by cell cycle arrest. Treatment with UA 
lead to accumulation of cells in G0/G1 phase indicating 
the occurrence of apoptosis (Chen et al., 2010; Syu et al., 
2010). Treatment with OA led to accumulation of cells in 
G0/G1 phase (Martin et al., 2007). 

Conclusion of this research the ethanolic extract of peel 
and flesh C. tuberosus and its bioactive compounds (UA 
and OA) are able to inhibit proliferation in human breast 
cancer MCF-7 cells at a dose and time-dependent 
manner. Growth and proliferation inhibition is through 
induction of apoptosis. UA, OA and other bioactive 
compounds that presence in C. tuberosus may be 
partially responsible for the anticancer activities of whole 
C. tuberosus. 
 
 
ACKNOWLEDGMENTS 
 
Authors thank the Directorate General of Higher 
Education, Republic of Indonesia that has funded this 
research. The authors also thank Prof. R. Wasito, M.Sc., 
Ph.D. for the suggestions that have been given to this 
research, and Tri Yuliati S. K. M. for technical assistance 
during this research. 
 
Abbreviations: EEFC, Ethanolic extract flesh of C. 
tuberosus; EEPC, ethanolic extract peel of C. tuberosus; 
MTT, 3-(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium 
bromide; DMEM, Dulbecco’s modified eagle medium; 
FBS, fetal bovine serum; DPPH, 1,1-diphenyl-2-picryl 
hydrazyl radical; AO/EB, acridine orange/ethidium 
bromide; MCF 7, Michigan cancer foundation 7; OA, 
oleanolic acid; UA, ursolic acid. 
 
 
REFERENCES 
 
Aggarwal BB, Takada Y, Oomen OV (2004). From Chemoprevention to 

Chemotherapy: Common target and common goals. Ashley 
publication, 13(10): 1327-1338. 

Award AB, Fink, CS (2000). Phytosterol as anticancer dietary com-
ponents: Evidence and mechanism action.  J. Nutr., pp. 2127-2130. 

Donfack JH, Fotso GW, Ngameni B, Tsofack FN, Tchoukoua A, 
Ambassa P, Abia W, Tchana AN, Giardina S, Buonocore D, Finzi PV, 
Vidari G, Marzatico F, Ngadjui BT, Moundipa PF  (2010). In vitro he-
patoprotective and antioxidant activities of the crud extract and 
isolated compounds from Irvingia gabonensis. Asian J. Tradit. Med., 
5(3): 79-88. 

Du H, Chen XQ (2009). Comparative study of the separation of 
oleanolic acid and ursolic acid in Prunella vulgaris by High 
Performance Liquid Chromatography and Cyclodextrin-Modified 
Micellar Electrokinetic Chromatography. J. Iran Chem. Soc., 6(2): 
334-340. 

Fai YM, Tao CC (2009). Literature review on Pharmacutical activities 
of oleanolic acid. Nat. Proda Med., 2: 291-298.  



 
 
 
 

Feng JH, Chen W, Zhao Y, Ju XL (2009). Anti-tumor activity of 
oleanolic, ursolic and glycyrrhetinic acid. Open Nat. Prod. J., 2: 48-
52.  

Gayathri R, Kalpana DPD, Gunassekaran GR, Dhanapal S (2010). 
Protective role of ursolic acid DEN induced oxidative stress 
mediated hepatocellular carcinoma- a focus on thiol status. Int. J. 
Pharm. Sci., 2(4): 140-146. 

Hogan S, Chung H, Zhang L, Li J, Lee Y, Dai Y, Zhou K (2010). 
Antiproliferative and antioxidant properties of anthocyanin-rich 
extract from acai. Food Chem., 118: 208-214. 

Hsum YW, Yew WT, Hong PL, Soo KK, Hoon LS, Chieng YC, Moo LM 
(2008). Identification and evaluation of potential anti-tumor 
promoting compounds from tubers of Coleus tuberosus. 
International symposium on natural products in cancer therapy. 23-
26 September 2008. Naples Italy.  

Janicke RU (2009). MCF-7 breast carcinoma cell do not express 
caspase-3. Brast Cancer Res. Treatment, 117(1): 219-221.  

Janicsak G, Veres K, Kakasy AZ, Mathe I (2006). Study of the 
oleanolic and ursolic acid contents of some species of Lamiaceae. 
Biochem. Syst. Ecol., 34: 392-396.  

Jayaprakasha GK, Mandadi  KK, Poulose  SM, Jadegoud, Y, nagana 
Gowda GA, Patil  BS (2007). Inhibition of colon cancer cell growth 
and antioxidant activity of bioactive compounds from Poncirus 
trifoliota (L.) Raf. Bioorg. Med. Chem., 15(4): 4923-4932. 

Kim H, Moon JY, Kim H, Lee DS, Cho M, Choi HK, Kim YS, Mosaddik 
A, Cho SK (2010). Antioxidant and antiproliferative activities of 
mango (Mangifera indica L.) flesh and peel. Food Chem., 121 (2): 

429-436. 
Kwon SH, Park HY, Kim JY, Jeong IY, Lee MK, Seo KI (2010). 

Apoptotic action of ursolic acid isolated from Corni fructus in RC-
58T/h/SA#4 primary human prostate cancer cells. Bioorg. Med. 
Chem. Lett., 22: 6435-6438. 

Li C, Yang Z, Zhai C, Qiu W, Li D, Yi  Z, Wang L , Tang J, Qian M, Luo 
J, Liu M (2010). Maslinic acid potentiates the anti-tumor activity of 
tumor necrosis factor a by inhibiting NF-kB signaling pathway. 
Molecular Cancer 2010, 9(73): 1-13. 

Lin ES, Chou HJ, Kuo PL, Huang YC (2010). Antioxidant and 
antiproliferative activities of methanolic extracts of Perilla frutescens. 
J. Med. Plants Res., 4 (6): 477-483. 

Liu J (1995). Pharmacology of oleanolic acid and ursolic acid. J 
Ethnopharmacol., 49: 57-68. 

Martin R, Carvalho J, Ilbeas E, Hernandez M (2007). Acidic triterpenes 
compromise growth and survival of astrocytoma cell lines by 
regulating reactive oxygen species accumulation. Cancer Res., 
67(8): 3741-3751. 

Meiyanto E, Agustina D, Suparjan AM, Da’I M (2007). PVG-O induces 
apoptosis on T47D Breast cancer cells line through caspase-3 
activation. Jurnal Kedokteran Yarsi, 15(2): 075-079. 

Mooi LY, Ali AM, Norhanom AB, Mat Saleh K, Murakami A, Koshimizu 
K (1999). Anti-tumor promoting activity of some Malaysian 
traditional vegetables (ulam). Nat. Prod. Sci., 5(1): 33-38.  

Mooi LY, Wahab NA, Lajis NH, Ali AM (2010). Chemopreventive 
properties of phytosterols and maslinic acid extracted from Coleus 
tuberosus in inhibiting the expression of EBV early-antigen in Raji 
cells. J.  Chem. Biodivers., 7(5): 1267-1275.  

Mukherjee P, Mandal ER, Das SK (2005). Evaluation of 
antiproliferative activity of Enoxacin on human breast cancer cell 
line. Int. J. Hum. Genet., 5 (1): 57-63. 

Nanasombat S, Teckehuen N (2009). Antimicrobial, antioxidant and 
anticancer activities of Thai local vegetables. J. Med. Plants Res., 3 
(5): 443-449. 

Nugraheni M, Santoso U, Suparmo, Wuryastuti H (2010). Triterpenic 
acid content and antioxidant ectivity of ethanolic extract of Coleus 
tuberosus. Abstract International Seminar Emerging issues and 

technology developments in foods and ingredients. Indonesian 
Association of Food Technologists (IAFT), Jakarta, Indonesia, 
September 29

th
-30

th
, 2010. 

 
 
 

 

Nugraheni  et  al.          241 
 
 
 

Ozgen U, Mavi A, Terzi Z, Kazaz C, Asci A, Kaya Y, Secen H (2011). 
Relationship between chemical structure and antioxidant activity of 
luteolin and its glycosides isolated from Thymus sipyleus subsp. 
sipyleus var. sipyleus. Rec. Nat. Prod., 5(1): 12-21 

Ramos AA, Pereira-Wilson C, Collins AR (2010). Protective effects of 
Ursolic acid and Luteolin against oxidative DNA damage include 
enhancement of DNA repair in Caco-2 cells. Mutation Res., 692 (1-
2): 6-11. 

Reyes-Zurita FJ, Rufino-Palomares EE, Lupianez JA, Cascante M. 
(2009). Maslinic acid, a natural triterpene from Olea europaea L., 
induces apoptosis in HT29 human colon-cancer cells via the 
mitochondrial apoptotic pathway. Cancer Lett., 273 (1): 44-54. 

Senthil S, Chandramohan G, Pugaalendi KV (2007). Isomers 
(oleanolic and ursolic acids) differ in their protective effect against 
isoproterenol-induced myocardial ischemia in rats. Int. J. Cardiol., 
119: 131-133. 

Shyu MH, Kao TC, Y GC (2010). Oleanolic acid and ursolic acid 
induce apoptosis in HuH7 human hepatocellular carcinoma cells 
through a mitochondrial-dependent pathway and down regulation of 
XIAP. J. Agric. Food. Chem., 58(10): 6110-6118. 

Singh R, Singh B, Singh S, Kumar N, Kumar S, Arora S (2009). 
Investigation of Ethyl Acetate Extract/fractions of Acacia nilotica 
Willd. Ex.Del.As.Potent Antioxidant. Rec. Nat. Prod., 3(3): 131-138.  

Spencer CM, Faulds D, Paclitaxel MM (1994). A review of its 
phamacodynamic and pharmacokinetic properties and therapeutic 
potential in treatment of cancer. Drug, 48: 794-847. 

Vivancos M, Morno JJ (2008). Effect of resveratrol, tyrosol and β-
sitosterol on oxidised low-density lipoprotein-stimulated oxidative 
stress, arachidonic acid release and prostaglandin E2 synthesis by  

RAW 264.7 macrophages. Bri.  J. Nutr., 99: 1199-1207 
Wang X, Ye XL, Liu R, Chen HL, Bai H, Liang X, Zhang XD, Wang Z, 

Li WL, Hai CX (2010). Antioxidant activities of oleanolic acid in vitro: 
possible role of Nrf2 and MAP kinases. Chemico-Biol. Interact., 184 
(3): 328-337.  

Wicaksono BD, Handoko YA, Arung ET, Kusuma IW, Yulia D, 
Pancaputra AN (2009). Antiproliferative effect of methanolic extract 
of Piper crocatum Ruiz and Pav Leaves on human breast (T47D) 
cells in-vitro. 

Wu LC, Hsu HW, Chen YC, Chiu CC, Lin YI, Ho JA (2006). Antioxidant 
and antiproliferative activities of red pitaya. Food Chem., 95(2): 319-
327. 

Yan YL, Huang CY, Wu ST, Yin MC (2010). Oleanolic acid and ursolic 
acid induce apoptosis in four human liver cancer cell lines. Toxicol. 
in Vitro, 24(3): 842-848. 

Yang L, Liu X, Lu Z, Yuet-Wa CJ, Zhou L, Fung KP, Wu S (2010). 
Ursolic acid induces doxorubicin-resistant HepG2 cell death via the 
release of apoptosis-inducing factor. Cancer Lett., 298(1): 128-138. 

Yoon H, Liu RH (2008). Effect of 2 α-hidroxyursolic acid on NF-κB 
activation induced by TNF-α in human breast cancer MCF-7 cells. J. 
Agric. Food Chem., 56: 8412-8417.  

Zhang P, Li H, Chen D, Ni J, Kang J, Wang S (2007). Oleanolic acid 
induced apoptosis in human leukemia cells through caspase 
activation and poly(ADP-ribose) polymerase cleavage. Acta 
Biochim. Biophys. Sin., 39(10): 803-809. 

Zou S, Chen W (2008). Determination of oleanolic acid and ursolic 
acid in different parts of  Perilla frutescens by High Performance 
Liquid Chromatography. J. Braz. Chem. Soc., 19(7): 1429-1432. 

 
 
 
 
 
 
 
 
 
 


